to supply residential mortgage funds. The supply of mortgage commitments then affects housing starts and residential construction expenditures. Equations for housing starts and the supply of mortgage funds are formulated in section I of the paper and the empirical results are presented in section II. Equations for savings deposits are given in section III and the implications of the model for monetary policy are discussed in section IV.
Housing Starts and the Mortgage Market
The most striking feature of housing starts in the postwar period has been the countercyclical behavior of this series. Building has typically risen sharply during periods when the general level of economic activity was approaching a cyclical trough. During the early stages of an upswing, housing starts have continued to increase but have reached a peak well in advance of the peaks indicated by the National Bureau reference cycles.2 Most students of the housing market have considered the supply of mortgage credit to be the major cause of this behavior. For example, Grebler3 gives the following characterization of postwar residential building cycles: "Given long-run demand and supply forces favorable to residential building, short-run cycles in housing construction were associated for the most part with changes in the supply of mortgage funds and credit terms, which in turn were greatly influenced by the level of total economic activity. When that level was rising and high, the expanded demand for funds by business, which is relatively insensitive to increased cost of borrowing, tended to reduce the availability of funds for housing, which is highly sensitive to changes in the cost of borrowing. " Among the proponents of this view, there has been some disagreement over the importance of the legal maximum interest rates on mortgages insured by the Federal Housing Administration or guaranteed by the Veterans Administration. Guttentag [6] argues that the effect of the rate maxima has been greatly exaggerated. He emphasizes the demand side of the market for mortgage funds and argues that housing demand is more highly sensitive to changes in mortgage credit terms than to changes in the flow of current income. A similar view is expressed by Alberts [1] .
A graphical exposition of this theory is given in Figure 1 . For pur- 2 See [17] , Chart 1A. [5] , p. 104. poses of illustration, we assume a fixed supply of funds to be allocated between corporate bonds and mortgages. The demand for mortgage funds is assumed to be highly responsive to changes in credit terms while the demand by corporations is assumed to be inelastic. A rise in income causes both schedules to shift upward but has a greater effect on corporate demand, resulting in a shift of funds away from mortgages. 4 The fixed-rate theory, advanced by Warren Smith [15] and others, is ifiustrated in Figure 2 . According to this view, the spread between the ceiling rates on insured and guaranteed mortgages and yields on other securities has an important influence on the supply of mortgage funds.
Financial intermediaries in Building Cycles
Assuming that the interest rate is at the statutory maximum at the initial equilibrium, an upward shift in the schedules results in a reallocation of funds from mortgages to corporate bonds, leaving an excess demand in the mortgage market.
A rather different approach to the explanation of fluctuations in housing starts is taken in a recent study by Maisel [12] , who emphasizes the importance of changes in vacancies and the inventory of houses under construction. According to his theory, the lag in the response of builders to changes in demand and the lag between starts and completions lead to an inventory cycle. He includes among the determinants of housing starts, vacancies at the beginning of the period, net household formations, removals (from the housing stock), and the ratio of rents to construction costs as a measure of the income from building or owning houses. As a measure of the cost and availability of credit, he uses a lagged moving average of the Treasury bill rate. Maisel emphasizes that the impact of credit conditions is on the supply side of the housing market rather than on the demand side. He argues that there is little relationship between credit conditions and final demand as measured by net household formations, but that changes in credit conditions influence the willingness of builders to increase their inventories under construction.
We have attempted to combine Maisel's approach with a more detailed treatment of the supply of mortgage funds. Housing starts (HS) are assumed to depend on the following variables.
1. Inventory of houses under construction plus vacancies at the beginning of the period. In terms of first differences, the sum of these two variables was represented by housing starts less net household formations (HF), using the following identities and disregarding removals: 4 Denoting the credit elasticities of demand for corporate funds and mortgages by ébc and emc, respectively, and the income elasticities by and emy, respectively, the condition for a shift of funds away from mortgages is ebc/emc < ebv/emv.
(vacancies) equals completions minus net household formations minus removals.
(inventories under construction) equals starts minus completions. 2 . Ratio of rents (R) to construction costs (C) at the beginning of the period. 3 . Mortgage credit terms (Cr). 4 . Net household formations (HF). This variable was used with the reservation that the available data supplied by the Bureau of the Census is subject to considerable sampling variability [18] . As noted by Maisel [11] , even the direction of change in net household formations may be in error. 5 . Disposable income (Y). We have included an income variable as a determinant of the demand for owner-occupied as opposed to rental units. High income may stimulate the demand for home ownership and lead to an increase in single-unit starts. Total starts will be affected if, as is likely to be the case, there is a lag in the reaction to increased vacancies of rental units. Assuming a linear relationship, our equation for housing starts becomes
Since mortgage credit terms cannot be assumed to be exogenous to the housing market, a model of the mortgage market is also required. The demand for residential mortgage funds comes from three sources: builders, investors in rental units, and individuals purchasing existing or custom-built homes. The major sources of supply are the four main types of financial intermediaries: savings and loan associations, mutual savings banks, life insurance companies, and commercial banks-plus the Federal National Mortgage Association. An important institutional feature of this market is the use of forward commitments under which an investor agrees to lend a specific amount of money at a given interest rate within a specified period of time. A residential builder generally seeks a commitment for permanent mortgage financing from a financial institution before construction is begun. According to Klaman,5 commercial banks will usually make short-term loans to finance construction only after a builder has obtained such a commitment. Thus, the willingness of financial institutions to enter into forward commitments is likely to have an important impact on housing starts. Accordingly, we have formulated the demand for mortgage funds in terms of the demand for [9] 
The volume of mortgage loans and commitments (MCi) made by the lender is assumed to depend on the inflow of savings deposits and repayments on outstanding mortgages the ratio of mortgage holdings (Mi) to deposits at the beginning of the period, mortgage credit terms (Cr), and a market rate of interest (r) which represents the yield on alternative investments. In order to avoid the problem of simultaneous-equation estimation bias, we solved the above model to obtain a reduced form equation for housing starts, which did not contain the mortgage credit term variable explicitly. This procedure has the additional advantage of eliminating the need for a quantitative measure of credit terms. The interest return on mortgages is an inadequate indicator to the extent that changes in credit conditions are reflected in changes in loan-to-value ratios and maturities.
Equating supply and demand in the mortgage market, we obtain • + FNMA represents net purchases of mortgages by the Federal National Mortgage Association. Substituting the supply and demand functions, we obtain an equation from which an expression for the variable can be derived as follows: 
75+133
Because of the limited number of degrees of freedom provided by postwar annual data, the coefficients in the above equation were estimated in two stages. First the were estimated from regressions using the as the dependent variables.6 The a1 were then estimated from a regression of housing starts on the estimated changes in the total supply of mortgage funds (MC + FNMA) along with the other independent variables appearing in the reduced form equation. 7 The results of these regressions are reported in the next section. 8 These regressions do not represent the true reduced forms which would be obtained by substituting the expression derived above for in the equations for the supply of mortgage funds. Since the expressions resulting from this substitution would contain all the exogenous variables in the model, a source of bias is introduced to the extent that the omitted exogenous variables are correlated with those included.
A reviewer of this paper has objected to the use of sixteen observations to estimate the more than sixteen parameters appearing in the above equation. We have simply followed the usual method of estimating the reduced form coefficients in a simultaneous system and gained degrees of freedom by first obtaining direct estimates of the structural coefficients Our procedure differs from a straightforward application of two-stage least squares in that we have used the supply of funds in the first stage regressions rather than the credit term variable that appears in the structural equations. Because of this modification we have not attempted to adjust the standard errors in the second-stage regression to take account of errors in the estimates of the first-stage coefficients so that the former are likely to be biased downward.
ii. Empirical Results
SAVINGS AND LOAN ASSOCiATIONS
The regression results for mortgage lending of savings and loan associations are shown in Table 1 . The values of the dependent variable MC1
were computed as the sum of mortgage loans made (ML1) plus the change in outstanding commitments during the year. Since no data on outstanding commitments were available for the earlier years, the equations were fitted to the period 1957-64.
As a measure of the rate of return on alternative investments, the long-term U.S. rate was used since the nonmortgage security holdings of savings and loan associations consist mainly of U.S. government securities.8 This variable did not obtain a significant coefficient as might be expected from the institutional considerations. According to Klaman Table 1 was fitted with the coefficient on repayments constrained to be unity. The unconstrained coefficient obtained seems unreasonable and is likely to be biased upward. During periods when the level of mortgage lending and construction is high, advance payoffs of loans rise due to the sale of existing properties. Thus repayments are not exogenously determined but are influenced to some extent by the volume of mortgage loans made. 
MUTUAL SAVINGS BANKS
In contrast to savings and loan associations, the portfolio regulations and policies of mutual savings banks permit them to take advantage of changing yield differentials. The laws of the seventeeen states in which mutual savings banks operate generally permit investment in bonds of state and local governments and corporations. Their portfolio choices are likely to be responsive to the level of the ceiling rates on governmentinsured and guaranteed mortgages since a relatively high percentage of their mortgage holdings are FHA and VA loans and they have generally been reluctant to resort to discounting.'°T he equations were fitted to the period 1952-64 for which commitments data were available and the results are shown in Table 2 . The corporate bond rate (rCb) was used to represent the rate on competing assets. Slightly better results were obtained using the differential between the average of the FHA and VA ceiling rates (rm) and the corporate bond rate. In both cases, the repayments variable was not significant.
LIFE INSURANCE COMPANIES
Like mutual savings banks, life insurance companies have a wide degree of flexibility in their choice of assets, but their responsiveness to shortrun changes in available funds and yield differentials is limited by the practice of planning ahead a year or more." They make extensive use of forward commitments which typically cover a time period from about three months on existing homes to six to twelve months for new construction and up to two and a half years for apartment houses.'2 The regression results obtained for the period 1954-64 are shown in Table 3 . The equations were fitted using the corporate bond rate and the differential between the average of the FHA and VA ceiling rates and the corporate bond rate. In contrast to the mutual savings bank = .522. The coefficient on the state and local bond yield is significant at the 10 per cent level, but time deposits enter insignfficantly and with a negative sign. We also tried the long-term U.S. rate and the Treasury bill rate but obtained insignificant coefficients in both cases.
Since most of the explanatory power in the above equation comes from the lagged ratio of mortgage holdings to time deposits, we reran the regression using lagged time deposits and the state and local bond yield. The following equation was obtained:
(.0600) (.4498) R2 = .648.
This result suggests that there is a lag of one year before a change in the rate of inflow of time deposits induces a change in the rate of 13 Deposits in the case of life insurance companies were defined as reserves plus dividend accumulations less policy loans. See section III below.
[81, p. 205. accumulation of mortgages. However, to the extent that the significant coefficient on the lagged inflow of time deposits reflects the lag between commitments and the acquisition of mortgage loans, the equation is unsatisfactory for our purposes. Some estimate of the volume of commitments made by commercial banks would be required to incorporate their mortgage lending into our model.
HOUSING STARTS
On the basis of goodness of fit and signfficance of individual regression coefficients, the following equations were chosen to estimate mortgage lending of savings and loan associations, mutual savings banks, and life insurance companies, respectively: / M1\ = The estimated values from these equations plus net purchases of mortgages by the Federal National Mortgage Association were added together to obtain estimated changes in the total supply of mortgage funds, which were then used to estimate the housing starts equation. It should be noted that no adjustment was made to take account of changes in the average amount loaned per dwelling unit. This will depend on such factors as the average price per dwelling unit, the loan-to-value ratios, and the mix between single-and multiple-unit starts. 
III. Savings Deposits
In order to measure the indirect effects of changes in interest rates on the supply of mortgage funds via changes in the flows of deposits into financial intermediaries, equations for these inflows were also estimated.
Our basic approach was to relate the net increase in deposits in the ii" institution to the following variables: (1) personal financial saving (FS); (2) stock of financial assets except corporate stock16 held by households at the beginning of the year (FA_1); (3) rate of interest paid on the deposits (re); (4) rate of interest paid on commercial bank time deposits (rtd); and (5) yield on short-term government securities (r89). Consumer credit outstanding at the beginning of the period (CC1) was also tried, but was significant only in the case of life insurance reserves. The regressions were fitted to first differences of the above variables and the results are shown in Table 4 .
SAVINGS AND LOAN SHARES
The results obtained for savings and loan shares indicate a high degree of responsiveness to changes in yields on alternative financial assets. The significant coefficient on the commercial bank time-deposit rate reflects the shifts that occurred in 1957 and 1962 in response to the increases in the time-deposit rate, which resulted from raising the maximum allowable rate under Regulation Q. Similarly, the coefficient on the yield on short-term government securities reflects shifting into marketable securities during periods of high interest rates as a result of the short-run stickiness of the rate paid on savings and loan shares. The unwfflingness of these institutions to raise their rates in periods of tight credit conditions arises from the nature of their role as intermediaries.
A rise in market rates of interest increases the yield obtainable on newly acquired securities but does not affect the outstanding portfolio, while an increase in the rate paid on deposits must be extended to all accounts. 17 This sensitivity of savings and loan shares to interest rate differentials may be questioned on the ground that savings and loan associations cater to small unsophisticated investors. However, survey data published by the United States Savings and Loan League indicates that this may not be the case.18 For each of the three associations surveyed, over 50 per cent of the accounts contained less than $1,000, but over 60 per cent of the deposits were in accounts of $5,000 or more. Because of the insignificant and implausible coefficient obtained on the savings and loan rate, the equation was rerun with this coefficient constrained to be equal in magnitude but opposite in sign to the coefficient on the time-deposit rate. This regression is shown in the second row of Table 4 . Mutual savings bank deposits also appear to be quite sensitive to interest rates. Significant coefficients were obtained on the rate paid on the deposits and the short-term government security rate. Since the rate on commercial bank time deposits and the stock of financial assets did not enter significantly, the regression was rerun omitting these variables.
LIFE INSURANCE RESERVES
As a measure of the savings of policyholders held by life insurance companies, we used reserves plus the accumulated value of dividends left on deposit less policy loans outstanding. Policy reserves are amounts set aside according to legal requirements to meet future obligations, net of future premium payments and interest earnings, prescribed under currently outstanding insurance contracts. Unlike deposits in other financial institutions, they are accumulated according to an agreed schedule of premium payments, only part of which represent additions to reserves, the remainder being the cost of insurance provided. However, a policyholder may at any time terminate his contract and withdraw his reserve, or he may use his reserve as collateral for a loan from the company.1° Thus, life insurance reserves should be included among the financial assets of households, but they are undoubtedly viewed differently from other savings deposits.
In contrast to savings and loan shares and mutual savings bank deposits, the regression results obtained for life insurance reserves did not indicate a significant relationship to market rates of interest. However, significant coefficients were obtained on financial saving and consumer credit outstanding at the beginning of the period. A weighted average of the interest rates paid on savings and loan shares, mutual savings bank deposits, and commercial bank time deposits (rsd) was also included in the regressions. The coefficient obtained was significant at the 10 per cent level and may reflect a shift toward low-reserve insurance plans in response to increases in the rates of interest paid by other financial institutions. 19 In practice, the cash value of a policy is not exactly equal to the reserve because the calculation of the reserve makes no allowance for administrative expenses incurred by the company.
IV. Conclusions and Policy implications ANALYSIS OF THE SAMPLE PERIOD
The effects of changes in interest rates and other exogenous variables can now be analyzed by substituting the equations for mortgage lending and savings deposits into the housing starts equation. Lumping together the exogenous factors affecting the supply of funds other than market rates of interest into a single term denoted by E, we obtain the following relationship: where u represents the unexplained residual variation. The contributions of each of these variables to the explanation of housing starts are given in Table 5 . The figures shown were computed by multiplying the regression coefficients by the observations for each year expressed as deviations from their means. The /3-coefficient for each column was computed as the ratio of the standard deviation of the numbers in the column to the standard deviation of the dependent variable, the sign being determined by the sign of the regression coefficient.2° This statistic provides a summary measure of the relative importance of each factor. As can be seen from the table, the supply-of-funds hypothesis is confirmed by the behavior of housing starts in the recession years of 1954 and 1958. In both of these cases, the low rate of increase of final demand, as measured by the household formations and disposable income terms, was offset by the effect of a sharp decline in interest rates. However, it should be noted that this process was reversed in the recovery years of 1955 and 1959 when the rise in interest rates was offset by the upturn in final demand. Furthermore, during the mild downturn of 1960, the decline in interest rates did not compensate for the sharp fall in demand which occurred, resulting in a considerable decline in housing starts from the 1959 level. As indicated by the /3-coefficient, the level of inventories of units under construction and vacancies, and the relationship between rents and construction costs also make an important contribution to the explanation of housing starts. Increases in construction costs during periods of rapid increase in building and decreases during periods of declining activity have had a considerable impact on the subsequent The inventory variable is also treated somewhat differently in our model. We assume that housing starts depend on the inventory of units under construction and vacancies at the beginning of the period, while in Maisel's model housing starts are assumed to be a function of vacancies and the change in inventories under construction during the previous quarter, the latter being represented by starts lagged one and three quarters. Furthermore, in the regression equations presented, starts lagged one quarter enter with a positive sign implying that a buildup of inventories has a stimulating rather than depressing influence on new starts. This result is not surprising because of the presence of serial correlation in the quarterly data but constitutes a serious weakness in Maisel's statistical model.
The effect of credit conditions is represented in Maisel's model by a lagged moving average of the Treasury bill rate. He experimented with mortgage yields and the spread between mortgage yields and bond yields but obtained better results using a short-term rate. He argues that the latter variable provides a better measure of the cost and availability of credit. In our model, the short-term rate affects the availability of credit through its influence on the flow of deposits into financial intermediaries. Our results also indicate that long-term rates have an important influence in a model which takes account of other factors affecting the supply of funds. Table 6 . This figure was obtained from the inverse of the most recent version of the University of Michigan econometric model of the U.S.
economy. It indicates the magnitude of the income effects of the increase in construction expenditures but does not take account of the feedback to the housing sector through interest rates, disposable income, or financial saving.
In the last column of Table 6 , we have shown the effect on GNP of a decrease of one percentage point in the short-term rate accompanied by a decrease of .23 in the corporate bond rate. This relationship between the two interest rates represents the historical average which was derived from a regression of changes in the corporate bond rate on changes in the short-term rate. As can be seen from the table, a decrease in the short-term interest rate of 1 percentage point (e.g., from 4 to 3 per cent) will lead to an increase in GNP of about a half billion 1954 dollars, assuming no change in the corporate bond rate, and an increase of about one billion 1954 dollars, assuming an induced change of .23 in the corporate bond rate. Similarly, the multiplier for a 1 percentage point decrease in the corporate bond rate is about two billion 1954 dollars. These figures indicate that monetary policy has a substantial impact on the residential construction sector, but that the resulting changes in GNP will be small relative to the cyclical fluctuations experienced in the postwar period. For example, the largest year-to-year change in interest rates occurred in 1959 when the short-term rate rose by 2.02 per cent and the corporate bond rate by .59. According to the above multipliers, this rise in interest rates reduced the growth of GNP by 2.3 billion 1954 dollars from $29.6 billion to the observed increase of $27.3 billion. Thus the residential construction sector exerts some stabilizing influence but does not provide a mechanism by which monetary policy alone can be expected to achieve short-run stabilization. 
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